This paper presents a new green protocol for Knoevenagel condensations of aldehydes and compounds with an active methylene group in a binary mixture of ethanol/water (3:7, v/v). This medium favored the uncatalyzed Knoevenagel reactions and easy workup products can be obtained by precipitation in this medium and showed good isolated yields (55-100%) in short reaction times (1-60 min).
Introduction
The Knoevenagel condensation is an aldol reaction between carbonylated substances (such as ketones and aldehydes) and active methylene compounds (-CH 2 -attached to two electron withdrawing groups, EWGs) producing alkenes. [1] [2] [3] It is one of the most useful reactions to form C-C bonds, generally used to assist the synthesis of several compounds with biological relevance 4 and other possible applications, such as drugs, [5] [6] [7] [8] [9] [10] natural products, 11, 12 and polymers. [13] [14] [15] Weak bases, such as amines and basic salts, usually catalyze these reactions. [1] [2] [3] The base furthers the deprotonation of the active methylene compound to create a carbanion, which, in turn, attacks the carbonyl. In the earliest works, the amines used to catalyze the reactions presented a considerable level of toxicity. 16, 17 Thus, many papers have been published in recent years concerning proposals for ecofriendly reaction conditions, [18] [19] [20] [21] [22] in accordance with the principles of green chemistry. [22] [23] [24] [25] From this perspective, many researchers have developed new catalysts involving the mentioned principles. One such type, which have received great attention, are the heterogenized catalysts. [26] [27] [28] They present certain advantages compared with their respective homogeneous compounds, such as facile separation methods (filtration, magnetic separation, etc.) for recovery of the catalyst, easier reuse, stability at high temperatures and pressures, and relatively low toxicity. Some of these reactions even occur without solvents, decreasing the toxicity of the reaction medium. [29] [30] [31] Furthermore, other researchers [32] [33] [34] have reported solventcatalyzed Knoevenagel condensations, generally using ionic liquids or water (green solvents), under different conditions.
In our studies, we noted that Knoevenagel condensations were faster in ethanol than in other solvents (apolar or polar, protic or aprotic). Many papers have reported this reaction in ethanol using catalysts, 35, 36 but none have discussed this reaction uncatalyzed in ethanol until this report. In addition, the uncatalyzed Knoevenagel condensations reported in the literature generally use water 37, 38 or ionic liquids [39] [40] [41] as solvents. Thus, this work presents a new green approach for the quick and efficient uncatalyzed Knoevenagel condensation of different substrates in a mixture of ethanol/water.
Experimental

Reagents and instruments
The solvents, aldehydes, ketones and active methylene group compounds (malononitrile and indan-1,3-dione) were obtained from Sigma-Aldrich Co. Ethanol (200 proof) was purchased from Tedia. The ethanol/water mixtures were prepared in volumetric proportions (1:9, 1:1, 3:7, 7:3, v/v). All chemicals were employed without further purification.
General procedures for Knoevenagel condensations
The aldehyde (0.2 mmol) and the compound with the active methylene group (0.2 mmol) were added to a test tube followed by the addition of the solvent (ethanol/ water 3:7, 0.8 mL). The system was maintained at 80 °C and magnetically stirred until the reaction completed. The reaction progress was monitored by thin layer chromatography (TLC). The products were obtained by precipitation with cooled water or by extraction with ethyl acetate. The extract was purified by column chromatography. All the products were characterized by Fourier transform infrared spectroscopy (FTIR), gas-chromatography mass spectrometry (GC-MS), 1 H and 13 C nuclear magnetic resonance (NMR).
Results and Discussion
To examine the effects of the different solvents in uncatalyzed Knoevenagel condensations it was tested a standard reaction between benzaldehyde and malononitrile in solvent-free conditions and in aprotic polar, protic polar and apolar solvents ( Table 1) .
As seen in Table 1 , the reaction times in toluene (entry 2, apolar solvent) and tetrahydrofuran (thf, entry 3, aprotic polar solvent) were the slowest. These results are in agreement with the mechanism of these amine-free reactions. 42 This mechanism is well known to involve carbanion formation and an ionic intermediate (enolate). Therefore, the reaction in a polar solvent (thf, for example) would be expected to be faster than in an apolar solvent (toluene, for example). When this reaction was carried out under solvent-free conditions (entry 1), the reaction time was even faster than those mentioned above.
The reactions in protic polar solvents (entries 4-15, water and alcohols) were considerably faster than in the aprotic polar and apolar solvents. The reaction times increased when long carbon chain alcohols were used as solvents (entries 5, 7, 9-14). In water (entry 4), the reaction was completed at the same time (60 min) as the reactions in methanol (entry 5) and ethanol (entry 7) high-performance liquid chromatography (HPLC) grade (anhydrous). However, when using ethanol 95% or methanol 99.9%, the reaction time surprisingly decreased to 30 min (half the time). This event promoted our curiosity for the study of this reaction in the mixtures of ethanol/water (entries 15-18). As can be observed in the Table 1 , when the mixture of ethanol/water presents a small volume of ethanol the reaction occurs faster than the one with the largest volume of ethanol. The same reaction in water (entry 4) or anhydrous ethanol (entry 7) is considerable slower than any mixture of ethanol/water. The mixture ethanol/water 3:7 v/v showed the best results (entry 17) and it was used as a solvent in subsequent reactions.
In addition, the reaction between benzaldehyde and malononitrile in ethanol/water, 3:7 v/v, was carried out at room temperature and under ultrasound conditions (both 150 min). However, these reactions were slower than those carried out with heating at 75 °C.
The ethanol-water mixture presents particular properties compared with the isolated solvents that further the Knoevenagel condensation when performed in the mixed system: (i) a higher solvation power because of the formation of molecular chains interacting by hydrogen bonds (cluster formation); (ii) the lower dielectric constant of these mixtures when compared with the pure solvents can favor stronger interactions with small polar molecules such as malononitrile; (iii) the possibility to increase the solubility of organic compounds when compared to the use of water as solvent; and (iv) the ability to form cavities. [43] [44] [45] Benzaldehyde was chosen to react with different active methylene compounds such as cyanoesters, Meldrum's acid, and betadiketones ( Table 2) .
As expected, the reaction with malononitrile (entry 17, Table 1 ) was faster than with other active methylene compounds (Table 2) . However, the difference of the reaction times was significant and cannot be simply explained by the pK a of the methylene groups, suggesting that other factors are relevant.
The base-catalyzed Knoevenagel condensation of aldehydes and Meldrum's acid often gave the bis adduct, due to the Michael addition with a second molecule of the Meldrum's acid. Cunha and Santana 46 reported the uncatalyzed Knoevenagel reactions in water (75 °C, 2 h) and they observed the preferential formation of Knoevenagel product. Bigi et al. 47 found the same results, however, the uncatalyzed reactions carried out in ethanol as solvent were unselective and a mixture of Knoevenagel and bis adduct was obtained. Interestingly, the reactions with Meldrum's acid in the mixture ethanol/water were a selective reactions giving only the Knoevenagel product and no trace of bis adduct was detected.
After the optimization of the conditions for the Knoevenagel condensations, several aldehydes were reacted with malononitrile (active methylene compound) in the selected conditions (Table 3) .
In general, the reactions showed good isolated yields in short times ( Table 3 ). The standard reaction with benzaldehyde and malononitrile (entry 1) was completed in 4 min (yield 82%). The reaction with 4-NO 2 -benzaldehyde (entry 2) was faster than mentioned above due to the presence of the strong electron withdrawing group (NO 2 ) at the 4-position. In addition, the reactions with an electron donating group (entries 4 and 5) at the 4-position were slower than those with an electron withdrawing group at the same position.
The aldehydes with substituents (electron donating or withdrawing group) in the 3-position (entries 6 and 7) and 2-position (entries 8 and 9) exhibited behavior similar to reactions with those substituents at the 4-position. In addition, considerable steric hindrance was observed in the substrates with groups at the 2-position. The reactions with di-substituted aldehydes (entries 10-12) finished in 25-45 min and showed good yields. Surprisingly, the reaction time was very low for the tri-substituted aldehyde, compound 17 (entry 13), reacting completely in only 3 min, with isolated yield of 99%.
The reactions with heteroaromatic aldehydes (entries 20, 22) finished in a short time. As the n-pyridinecarboxyaldehydes (n = 3 or 4, entries 20, 21) are rather reactive electrophiles and are completely miscible in water, the reactions with these substrates were incredibly fast (in seconds). The aliphatic aldehyde (entry 19) completed at a time close to the substituted aromatic aldehydes.
These products were easily obtained by precipitation with the addition of cooled water and any purification process was used. However, in the cases that the product are soluble in the mixture of ethanol/water, it was obtained by extraction with ethyl acetate and after purified by chromatographic column.
The Knoevenagel condensation of ketones and malononitrile in the mixture of ethanol/water 3:7 (v/v) was initially verified and presented good results. The reactions between 4-methylcyclohexanone or 3-methylcyclohexanone and malononitrile, for example, finished in five and six hours, respectively, with 75% isolated yield for both. The study of these reactions (with ketones) in this mixture is still in progress. 
Conclusions
The mixture of ethanol/water 3:7 (v/v) was used as a solvent for uncatalyzed Knoevenagel condensation reactions and showed surprisingly excellent results (good yields, 55-100%, and excellent times, 1-60 min) when compared with these reactions in ethanol or water. In recent decades, many works have reported syntheses of new molecules that used the Knoevenagel condensation in at least one step. Therefore, the development of new protocols is important to provide new ecofriendly methods for organic synthesis. The mixture of ethanol/water 3:7 (v/v) is an ecofriendly solvent, and many products of Knoevenagel condensations of aldehydes and compounds with an active methylene can be obtained by precipitation in this medium. This green protocol can provide the synthesis of new molecules from the Knoevenagel condensation or new ways to re-synthesize known molecules.
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